Abstract-Virtual reality has achieved an adequate level of development for it to be considered in innovative applications such as education, training, and research in higher education. Virtual reality offers both opportunities and challenges for the educational sector. One of the challenges of virtual reality technology is the costs associated which have been unaffordable for educational institutes. However, in recent years, computer hardware and software development has made it more feasible to incorporate virtual reality technology into future teaching strategies.
INTRODUCTION
Today, technology is as influential factor in education as it has ever been. A new generation of engineering students is entering higher education with significant computing knowledge, and with higher expectations that academic institutes will introduce them to appropriate technologies for their successful transformation into industry. Academic institutions are challenged by these new technological requirements and must adopt appropriate strategies to meet the innovative educational demand.
The advancement in interactive and immersive technologies can have a noticeable impact on various styles of teaching and learning. Virtual reality is a technology that is attractive to student community. Research in virtual reality and education is novel and has potential for expansion in the coming years.
Virtual Reality is largely used in military training [1] , automotive and aerospace design [2] , medical training [3] , and entertainment [4] . 3D digital technologies are often a topic of applied research [5] and are already being adopted for commercial applications especially in the automotive premium industries i.e. Jaguar Land Rover integrate virtual reality concepts in the New Product Introduction (NPI) process in the design stage allowing 3D digital (virtual) prototypes to be utilised to make decisions in the early stages of design. Virtual reality also provides a suitable environment for design reviews helping to reduce the development time and costs and to improve the quality and usability of new products [2] .
With the increasing demand for innovative in higher education for engineering, and with the advancement in 3D visualisation technologies and computer hardware, a growing range of engineering teaching and training material can be utilised in virtual reality environments. Virtual reality technologies can be used as educational and training tool with the advantages of being safe, cost-effective and fully controllable. Also, virtual reality environments enhance significantly the learning experience as they provide the learner with realism and interactivity.
However, engineering education is predominantly descriptive and complex. The application of virtual reality to such teaching has great prospects for new style [6] . The recognised technique in engineering education is the use of laboratory demonstrations to enhance the student's practical knowledge. Laboratories are designed to improve the student ability to investigate and solve engineering problems with appropriate levels of independent thought and creativity; and also to demonstrate suitable levels of reporting technical information [7] . Industry relies on distinctive skills to innovate and compete. Thus, it is essential for educational institutes to prepare for emerging technology in both infrastructures [8] and policies [9] .
In this paper, the authors demonstrate the use of a 3D interactive virtual reality visualisation system in preparing engineering graduates for practical experience of real industrial environments with case studies obtained from world-leading businesses. The presented work shows that virtual reality technology can considerably improve the productivity of teaching and training by allowing engineers to apply theoretical knowledge to real industrial problems. In addition, it develops creativity and innovation, communication, problem-solving, team-working and business skills.
II. 3D VISULISATION WALL

A. 3D Virtual Reality Principle
The main types of 3D visualisation technologies are active and passive. The system at WMG in the University of Warwick is designed as a passive technology; a schematic diagram of the 3D virtual environment system, including key components, is shown in Fig.1 . In active mode a single projector exchanges the right and left-eye images in sequence at a high frequency rate. Active stereo model viewer requires a set of active liquid crystal glasses that pass or block light through in synchronization with the images on the display screen. In a passive system two projectors sends overlapping images to the screen. The images are polarized using special filters and viewer requires a set of polarizing glasses.
The human eye split light into three spectral ranges that are related to the main colors blue, green and red. Similarly, unique interference filters (dichromatic filters) separate the color spectrum into six narrow bands -two in the red (R1 & R2), two in the green (G1 & G2), and two in the blue (B1 & B2) region. The R1, G1 and B1 bands are used to reconstruct an image for one eye, and the rest for the other eye. The human eye does not recognise fine spectral differences. The projectors and the glasess use the same filters to reconstruct the image. This technique provides full-color 3D images with slight colour differences that are unnoticeable to the human eyes.
B. The Virtual Reality System at WMG
The visualisation technology used is an ultra-highresolution, rear-projection, solution at the Visualisation and Metrology Centre of Excellence at WMG. The centre has various leading-edge technologies from the latest X-ray CT scanning system to controlled lighting for colour harmony evaluation. The facility focuses on a unique workflow from data capture through to digital modelling.
The 3D visualisation suite within the centre is designed as a photo-realistic visualisation environment using advanced JVC 4K 10Megapixel projectors to deliver the UK's highest resolution 4K virtual reality wall to date as shown in Fig.2 . The projectors are custom-fitted with Infitec (dichromatic) filters to provide crystal sharp immersive 3D visualisation on a 5m-wide fabric rear projection screen. When running in fully immersive 3D mode, the system has an integrated camera-based infrared real-time tracking system for natural head and hand interaction and navigation of the virtual datasets and environments. The visualisation PC cluster controlling the imagery via two NVidia Quadroplex GFX units is specifically configured to drive graphic channels of very high resolution imagery, as illustrated in the schematic diagram in Fig.1 .
C. Software Support for Virtual reality
3D visualisation software packages provide engineering professionals and designers with a chance to experience the real-world sense of the product before making major investment in producing a prototype or manufacturing the real product. They also provide engineers with the necessary tools to precisely imitate real-world materials, lighting and environments helping to increase confidence in making informed decision about the product design. They enable engineers to visualise design options, explore alternatives and evaluate designs in details.
The authors use Autodesk products [10] to achieve these requirements. Autodesk Showcase is being used in the current 3D virtual reality system with the support of the Aurora Showcase plug-in software, written by HoloVis, that enables Autodesk Showcase to operate in a passive stereo 3D immersive and tracked environments.
Autodesk Showcase is a real-time photorealistic design visualisation software package that enables users to prepare and present high-quality 3D designs as shown in Fig.3 . Autodesk Showcase offers an easy and instinctive interface that drives a common-sense workflow with capabilities to have alternatives with different lighting and environments conditions. Also, it empowers virtual design process with multi-user network collaboration for development decisions to be made early in-design stages. The 3D digital prototype process is also supported with design specialist Autodesk Inventor that offers 3D design, simulation and tooling creation. The design can be shared with Autodesk Showcase for photorealist 3D experience in virtual environment. Aurora, developed by HoloVis, is an enabler plug-in designed exclusively for Autodesk Showcase users to ensure maximum return from their existing software investment. It enhances the imagery, when used with an immersive and tracked display setup, by delivering the Autodesk Showcase solution in immersive 3D with support for head-tracking systems in real-time.
III. DIGITAL PROTOTYPING PROCESS
There is currently a trend for companies to express new products digitally, especially with the ease of use of data management systems. The digital models are integrated in the business to support their NPI process which may also use physical prototypes to verify innovative designs. However, with the advancement in 3D technologies and virtual environments, the intention is to reduce the physical prototypes to a feasible minimum by performing verification tasks early at the concept stage on a digital model. In the future, a better understanding of 3D digital prototyping in the manufacturing process will boosts the confidence in making decisions with anticipation to move away from physical models in the NPI process.
Sources of data for creating 3D digital prototypes in a virtual reality environment are diverse i.e. CAD, X-ray Computed Tomography (CT), laser scanner and others as illustrated in Fig.4 . Regardless of the data source or type, it will need to be converted, optimised, and prepared for effective and efficient use in the virtual reality environment. Importing CAD data into chosen visualisation software is not straightforward if the original data are not compatible. In workflow of the following case studies, the engineering student team uses Autodesk Showcase to define nongeometrical prerequisite i.e. material, light and shadow. The flowchart diagram in Fig.5 illustrates the procedure to ensure data is prepared with virtual reality requirement in mind. These requirements are orientation of normals, missing geometry or sub-assemblies, and optimisation (deletion of unwanted geometry). To achieve timely progress for virtual reality use, Autodesk Inventor was employed to prepare the engineering data and viewing it in 3D with basic nongeometrical data to be imported into the photorealistic Autodesk Showcase software.
IV. CASE STUDIES
A. Audit Review for Industrial Product
In today's markets, products must exceed customer expectations. In automotive industry, this is a key aspect for a successful product that reflects high standards in visual, tactile and finishes [11] . Product evaluation in the NPI process is crucial to confirm these attributes for a competitive product. It is also necessary to evaluate product characteristics before the physical prototype stages as modifications can be implemented quicker and at lowest cost compared to alterations made during production stages [12] .
However, the existing operation of product evaluation has limited support of innovative technologies. 3D photorealistic visualisation in interactive virtual environment has the potential to improve the process in timely and cost effective manner.
Final Vehicle Product Audit (FVPA) process is a methodology aims to assess the product in the initial design stages to evaluate customer requirements and convert them from subjective measures into objective ones [13] . The work aims to apply an FVPA process in a virtual environment to evaluate a real-world product for one of WMG's industrial partners. The audit process was carried out with interest in assessing gaps between interfacing components, paint and glass appearance and exterior decorations. However, the concerns are of visual type as tactile and sound categories cannot be identified using the current setup. The authors' future research and development will consider such challenges.
A sample of issues identified by the engineering student team is illustrated in Table 1 with its scoring using FVPA [13] ; there were 88 additional concerns identified virtually. Table 1 : Sample of visual concerns and its rating using FVPA process Throughout the audit review, the vehicle assembly was divided into subsystems starting from the front end of the vehicle to the rear end. Figure 6 shows an example of an identified issue of "gaps and see through" condition, that can be resolved in the design stage and before committing to a physical prototype. Figure 6 : Identified concern using FVPA process in 3D visualisation virtual reality technology
The project highlights the prospective role of virtual reality in the NPI process and its significant impact on quality, time and cost. Having an additional decision gate based on digital prototype early in the NPI process assists in developing a more robust process. The virtual environment assists the engineering team shown in Fig.7 . to:
Introduce the concept of digital prototype decision gate in the NPI process Identify additional issues using engineering data at concept stage Communicating and reporting the findings and the benefits of interactive 3D visualisation in the NPI process Recommendations on cost and time reduction in the NPI through the use of the technology Autodesk Showcase solution software enables the user to create models from 3D CAD data to be imported into virtual environment as a digital prototyp that is accurate, realistic and compelling. Figure 8 shows the level of details as a whole vehicle and selected parts demonstrating features of seat leather and the engine. 
B. Warwick Formula Student Project
Formula Student is well-known and one of the most important student motorsport competitions in Europe. It is managed by the Institution of Mechanical Engineers (IMechE) in affiliation with recognised sponsoring companies. It is intended to develop excellence in engineering graduate skills that meet industry expectations and need. Figure 9 shows the University of Warwick Formula team with their engineered car.
Warwick formula student project combines theoretical knowledge and learning with the development of practical engineering skills. It provides the future engineers with reallife experience in design and manufacture and the business aspects of automotive and engineering. The core challenge to the Formula Motorsport Student team is to design and fabricate a prototype car that best satisfies preset objectives and achieves learning aims. These are:
Design optimisation and engineering innovation Performance and functionality, designed car must pass tests on braking, fuel efficiency, speed and handling.
Project planning and resource management Learning attitude; lessons from previous projects Successful product development and launch using NPI process Critical thinking and economical analysis The team must also enhance their car's marketability to secure sponsors by improving the car appearance. This requirement encourage the team to develop business skills in order to be able to secure sponsors, build the car and compete. The University of Warwick team achieved the 7 th in the ranked order of UK universities and 22 nd worldwide competition.
Virtual reality is supporting the students to improve the NPI process and reduce cost associated with building a car on time for the competition, with the aim to achieve top three in the UK and top 15 internationally. The team uses 3D photorealistic virtual environments, as shown in Fig10, to: Figure 10 : The Formula students using virtual reality to make design decisions early in the design.
Increase marketability for sponsors using digital prototype. Alternative design and finish can be proposed in the sponsorship event.
Establish realistic plan for design and manufacture time.
Ensure the vehicle complies with Formula Society of Automotive Engineers (FSAE) rules early in the design stage Create a strong collaborative culture within the team.
Introduce the digital prototype concept into the NPI process
V. VIRTUAL REALITY ROLE IN TEACHING AND TRAINING
ENGINEERING STUDENTS
Virtual reality provides an innovative educational instrument for science [6] that enables students to assess the value of their solutions requiring them to apply relevant knowledge and understanding to a particular real-life complex problem. The interactive 3D environment also provides a suitable tool to break a complex problem into secondary ones and establish relationships between them to create a unique, realistic and practical solution.
Creating 3D models must be approached with clear intention and objectives which decide the level of details of the demonstrated model. These details i.e. material, light, shadow and surrounding, must be appropriate for the target objectives the engineer wants to achieve with the model as demonstrated n Fig.8 and Fig.10 .
The chosen projects benefited from the virtual reality features such as 3D visualisation, photorealistic, interactive and immersive (sense of existence) to improve tangible learning outputs:
Develop autonomous problem solving skills for real-life challenges.
Share complex technical information with team members and professionals both verbally and in writing.
Examine engineering problem in diverse modes; close inspection of an object or as a part of a whole system. Support creativity as it provides a chance for insight based on innovative technology.
Encourage and develop effective communication skills among team members
Apply knowledge and logic to conclude sound engineering opinion and decisions.
Encourage to consider and propose different business solutions to achieve a specific task in practical terms for engineering problems.
The technology enables WMG to provide its engineering students with a virtual experiment and training system. It imitates various kinds of real-life engineering challenges that cannot be produced in traditional class room or laboratory due to cost or health and safety. The technology plays a vital role in supporting the education institutes as follow:
Decrease assets cost in the long run as it can solve the problem of acquiring training rig/equipment, time and cost restrictions.
Reduce the risk of hazardous material in training and teaching environments.
Enhance the opportunity to explore inaccessible or restricted locations such as chemicals reactors.
Reduce the impact on climate by cutting the wasteful material or eliminating harmful mistakes by learners Enable special-need engineering students to experience an environment when it is difficult to do that otherwise.
Provide a platform for virtual lab to be utilised effectively in distance learning courses.
Make student learning experience out of the ordinary which helps in branding the institute.
An effective engineering leader must have future awareness with strong technical knowledge and can think creatively and critically to define various feasible solutions. Interactive virtual environments encourage learner to develop leadership attributes such as effective communication, intellectual motivation, team working and individual confidence. There are several reasons for implementing virtual reality such as:
It can enhance student motivation and attitude to gain knowledge Permit experiential learning through understanding real-life products Provide an opportunity for the students to explore technology through actual use Encourage active participation and amplify student interaction Due to the poor economical climate, the global industry and SMEs are facing a difficult business environment. Thus, educating the 21 st century engineers requires accurate understanding of the current industry challenges. The industry requires graduate engineers to have advanced problem solving skills and apply theory to real world problems. Thus, engineering courses must be aligned with industry requirements and possibly managed in collaboration with industry [14] .
WMG at the University of Warwick has strong links with industry and adopted the vision as a global leader in education to create an engineering generation that is educated based on strong collaboration between industry and academia to produce more inspiring engineers with the required skills. It also build on industrial engagement to benefit from its state of art technological advances in providing innovative solutions and develop an education system that trains engineers at all levels with sufficient skills to be employable in the challenging market environment.
3D virtual reality technology supports engineers to graduate with knowledge in using innovative technology to add value, reduce product time to market and make cost savings. It enables engineering students to understand how to define requirements earlier in the NPI process, thus reducing risk of lost profits and/or making products that do not meet customer expectations.
The industry needs engineering graduate, with distinctive knowledge and skills, to implement cost-effective innovative solutions that improve profit margins, differentiate their brands, reduce cost with guarantee on quality and product excellence. The authors believe integrating such an innovative technology in the educational and training of future engineers could be the way forward to fulfil the industry needs.
VI. CONCLUSION
Interactive and immersive 3D visualisation virtual reality technology is an emerging technology that is promising for the engineering education and training. It represents a tool that can create a pipeline for cooperation with industry to prepare the next generation of graduate engineering with the skills required for business.
The authors demonstrate through real-life practical case studies how the innovative technology can be employed to produce creative learning and training engineering material and environments. The adopted technology in research and education meets the expectation of today's up-to-date student generation.
Although cost is recognised as a key challenge, leading educational institutes have already implemented the technology for research and education purposes. However, the more the technology advances, the more affordable it becomes. Thus, it is expected that additional institutes will implement the necessary hardware and software level for virtual reality to be strategically adopted in the future of engineering education.
